Supplementary Figures
. Measured zeta potentials of different metal nanoparticles before and after re-dispersion in CTAC surfactant. Before re-dispersion, AuNSs with diameters from 40 nm to 200 nm were stabilized in 0.1 mM PBS solution. 30 nm AuNSs and AgNSs were stabilized in citrate solution, AuNTs were stabilized in 10 mM CTAC solution, and positive and negative AuNRs were dispersed in water. After centrifugation, the particles were re-dispersed in 5 mM CTAC solution. 
Supplementary Notes
Supplementary Note 1. Optical generation of thermoelectric field in OTENT.
The migration of ions under the temperature gradient is associated with the heat transfer between the ions and the surrounding environment, i.e. the heat will be absorbed from the reservoir at T, and given out at the temperature T+ΔT, which provides the possibility to maintain a temperature gradient during the ionic transport 1 . The quantity of heat absorbed from the surroundings when one mole of ions is transferred is defined as the ionic heat of transport Q* , which creates a current along the temperature gradient 2 : is given as 7.18×10 -4 K -1 . The CTAC micelles are driven along the temperature gradient by thermophoresis 3 , with a micelle Soret coefficient 4 :
where and are the dielectric constant and the viscosity of the solvent, respectively. D mic and mic  are the diffusion coefficient and the surface potential of CTAC micelles, respectively. At the steady state, the spatial redistribution of both CTAC micelles and Clions generates an electric field, which is given by 5
i indicates the ionic species, i.e. CTAC micellar ions or Clions. Since the CTAC micelle has a higher molecular mass and a larger Soret coefficient than the Clions, i.e. S T (micelle) ~10 -2 K -1 > S T (Cl -) ~7.18×10 -4 K -1 , we obtain an electric field E T pointing towards the laser beam from the spatial redistribution of both the CTAC micelles and the Clions 6 , which can trap the positively charged metal nanoparticle at the laser spot.
Supplementary Note 2. Excluding depletion attraction and optical force as the main driving force in

OTENT.
Depletion attraction interactions help trapping the nanoparticle. However, this is not the driving force in OTENT. For further verification, we replaced CTAC with a non-ionic surfactant, Triton X-100. We did not observe particle trapping for various Triton X-100 concentrations above its cmc, indicating that the electric field arising from the ionic surfactant is the driving force behind the observed particle trapping in OTENT.
It should also be noted that OTENT is operated at low optical power with a correspondingly small optical gradient force ( Supplementary Fig. 9 ), which can be ignored at optimized CTAC concentration (i.e., 20 mM). However, at the CTAC concentration of 1-2 mM, the optical gradient force can play an important role because the thermoelectric trapping force is also small. Supplementary Note 3. Calculation of the particle-substrate and particle-particle total interaction potential for 100 nm AuNSs.
In Supplementary Note 3, we give the derivation of the total interaction potential between two 100 nm AuNSs in the trap. In order to calculate the particle-substrate interaction potential which is critically important to estimate the trapping potential at high CTAC concentration, we treat the porous Au film as a wall, and the particle-substrate (or particle-wall) interaction potential can be easily obtained since it is about two times larger than the particle-particle interaction 7 .
1. Electrostatic interaction.
The electrostatic interaction between two 100 nm AuNSs are given by 8
where  is the solvent permittivity, p r is particle radius, B k is the Boltzmann constant, T is the absolute temperature, z is the particle charge valence, e is the elemental charge, p  is the surface potential of the particle, which is a function of the CTAC concentration, is the inverse Debye length determined by the ionic strength, and r is the particle surface-to-surface distance. Above the critical micelle concentration (c cmc , ~0.13 for CTAC) 9 , is a function of c cmc and the CTAC concentration, which is given by 10 (5) where N A is the Avogadro's number, z i is the valence of the surfactant cations and counterions, c s is the CTAC concentration, and  is the fraction of dissociated counterions, which is estimated as 0.25. Taking into full consideration the CTAC concentration dependent surface potentials (40-100 mV when the CTAC concentration increases from 0.2 mM to 20 mM), we calculated the electrostatic interaction potentials at different CTAC concentrations, as shown in Supplementary Fig. 10 .
Supplementary Figure 10. Calculated U e between two 100 nm AuNSs as a function of the interparticle gap for variable CTAC concentrations.
Van der Waals interactions.
The Van der Waals interaction between two 100 nm AuNSs is given by
where A is the Hamaker constant. The retardation of the Hamaker constant of Au in water is taken into account, as shown in Supplementary Fig. 11a 11 . It was assumed that A becomes zero when the inter-particle distance is greater than 100 nm. The calculated van der Waals interaction potential is shown in Supplementary Fig. 11b .
Supplementary Figure 11. Van der Waals interaction between two 100 nm AuNSs. a, Retarded
Hamaker constant of Au in water as a function of the inter-particle gap. b, Calculated U vdw between two 100 nm AuNSs as a function of the inter-particle gap.
Depletion attraction.
To interpret the depletion attraction potential between two 100 nm AuNSs trapped by OTENT in CTAC solution, we take into account several factors: (1) the CTAC molecules adsorb on the AuNS surface to modify its surface charge and the surface potential of the AuNSs is a function of the CTAC concentration;
(2) CTAC micelles are treated as highly charged depletants and the electrostatic interaction between the micelles and the AuNSs is considered by introducing an effective micelle radius, which is also dependent on the CTAC concentration; (3) acting as depletants, micelles are much softer than the hard spheres.
However, the optical heating of the laser on the thermoplasmonic substrate leads to the thermoosmosis (depletion) of the micelles and, therefore, complete micelle depletion is assumed here.
The depletion attraction is calculated with the depletion volume V Δ and the osmotic-pressure difference  Δ :
The depletion volume is given by 7, 12 )] ) ( ) ) ( r is the effective micelle radius of the CTAC micelles, which is given by
where d r is the hard-sphere radius of the micelles and m is an additional factor that arises from the micelleparticle interaction. To estimate eff d r , we calculated the electrostatic interaction between the CTAC micelles and the 100 nm AuNS by ) exp( ) ( 4 dp dp p d p d p d dp e r r r r
 is the surface potential of the CTAC micelles, and r dp is the surface-to-surface distance between the micelle and the AuNS. The interaction potential between a CTAC micelle and the 100 nm AuNS is shown in Supplementary Fig. 12 . The effective micelle-particle distance is estimated at dp e U = 1 k B T, suggesting that m = 3.73 in the 10 mM CTAC solution.
Supplementary Figure 12. Electrostatic interaction potential between the CTAC micelle and a single
100 nm AuNS as a function of the micelle-particle distance. The CTAC concentration is 10 mM. The dashed line shows dp e U = 1 k B T and the r dp value of the intersection point gives the effective micelle-particle gap.
We summarized the m value at different CTAC concentration in Supplementary Table 1 , showing that the m value increases with CTAC concentration. The osmotic-pressure difference Δis a function of the micelle number density n:
whereis introduced as the depletion fraction because the micellar depletants are softer than the hard spheres. It should be noted that is a function of the temperature gradient (or optical power of the heating laser). However, considering the optical power used in the experiment, we assume that complete depletion takes place and set . n is given by (12) where agg N is the aggregation number of the CTAC micelles 13 . We summarized the depletion attraction potential U d at different CTAC concentrations in Supplementary Fig. 13 . Figure 13 . Calculated U d between two 100 nm AuNSs as a function of the interparticle gap for variable CTAC concentrations.
Supplementary
Supplementary Note 4. Trapping of large nanoparticles via OTENT.
We also applied OTENT to trap larger metal nanoparticles, which exhibit strong light scattering and therefore experience a large optical scattering force. We succeeded in trapping 200 nm AuNSs and 400 nm AuNSs, the latter are the largest metal spheres we had at hand. Since the trapping force is proportional to the surface charge Q, we normalized the trapping stiffness of both 100 nm AuNSs and 200 nm AuNSs with regard to R 2 , where R is the radius of the particles ( Supplementary Figs. 14a and b) . Interestingly, we can see that the normalized stiffness of 100 nm AuNSs is higher than that of 200 nm AuNSs, indicating that the trapping capability is improved for smaller particles. To explain the improved trapping capability for smaller particles, we simulated both in-plane and out-of-plane temperature gradients at heights of 50 nm and 100 nm above the thermoplasmonic substrate ( Supplementary Figs. 14c and d) , which are at the spherical centres for 100 nm AuNSs and 200 nm AuNSs, respectively. An increased temperature gradient is observed at the plane that is 50 nm above the substrate, providing an enhanced thermoelectric field according to equation 3. Therefore, in contrast to optical tweezers, which require a much higher optical power to trap smaller particles 14 , OTENT is more efficient in trapping small nanoparticles at low optical power. We expect that OTENT could also trap metal microparticles. The upper size limit for metal particles exists for the distortion of temperature profiles by the trapped particles, which remains to be tested. 
